SUMMARY Emission computed tomography with thallium-201 was compared with planar imaging in its ability to detect myocardial infarctions of various sizes four weeks after the onset. Tomography was performed after planar imaging at rest in 160 patients with a first myocardial infarction, in whom infarct size was prospectively estimated by the peak value of creatine kinase activity at the time of the acute episode and in 39 patients without infarction. The planar images and the transaxial, short axial, and long axial tomograms were interpreted qualitatively. Tomography was significantly more sensitive than planar imaging in detecting anterior (87% v 96%), inferior (73% v 97%), and non-transmural (47% v 87%) infarcts. The increased sensitivity was confined to detecting small infarcts as assessed by the peak creatine kinase value (44% v 890%o when peak creatine kinase activity was 6 1000 lU/1). The overall sensitivity was 96% for tomography and 78% for planar imaging. The specificity was similar (92%) with the two techniques.
Thallium-201 myocardial scintigraphy has been extensively used in the detection of myocardial infarctionl-3 as well as of coronary artery stenosis. [4] [5] [6] Although more sensitive and specific than electrocardiography, the sensitivity of planar imaging for detecting infarction is still not 1000/o,3 78 possibly because of the difficulty in detecting small infarcts owing to the geometric constraints of a two dimensional display.910 Emission computed tomography with a rotating gammacamera provides tomographic sections with little of the interplanar propagation1112 seen in pinhole tomography.1314 Although several preliminary studies have suggested that emission tomography is superior to planar imaging in assessing myocardial infarction with thallium-201, '5-17 the Requests for reprints to Dr Chuichi Kawai, The Third Division, Department of Internal Medicine, Kyoto University Hospital, 54 Kawaracho Shogoin, Sakyo-ku, Kyoto, 606 Japan.
Accepted for publication 1 August 1984 advantage of this technique in detecting myocardial infarction has not been adequately studied in a large series of patients. Moreover, it is still not clear how the detection of small infarcts can be improved by tomography. Accordingly, we undertook this prospective study in patients with myocardial infarction in whom infarct size was estimated by enzymatic analysis during the acute episode. We assessed the ability of both planar imaging and emission computed tomography with thallium-201 to detect myocardial infarction four weeks after its onset with particular reference to the infarct size.
Patients and methods
We studied 160 patients (133 men and 27 women, mean age 58 (range 31-78) years) after their first myocardial infarction documented by a history of typical chest pain lasting one hour or more, the presence of a characteristic pattern of increase in the serum creatine kinase activity above normal values, and the appearance of Q waves or the evolution of ST-T changes characteristic of infarction on the electrocardiogram. These patients were selected from consecutive patients admitted to our coronary care unit with acute myocardial infarction between september 1981 and December 1983 on the basis of the following criteria: (a) a first acute myocardial infarct with neither clinical nor electrocardiographic evidence of a previous infarction; (b) no recurrence of myocardial infarction after the completion of the enzyme assay until the time of the scintigraphic study; and(c) a peak creatine kinase value measured from serial serum determinations.
To 22 Each reconstructed section contained 150 000 to 200 000 counts. The reconstructed images were displayed in a 64x64 matrix (Fig. 1 ). All planar and tomographic images were interpreted qualitatively and independently by two experienced observers unaware of the clinical findings. A perfusion defect was defined as a discrete region of absent or decreased thallium-201 activity, present in at least two views of the planar images and at least two sections of the tomographic images. In eight cases in the planar study and in four in the tomographic study there was observer disagreement and a consensus was reached.
Sensitivity was calculated as the number of true positives divided by the number of true positives plus false negatives multiplied by 100(%). Specificity was calculated as the number of true negatives divided by the number of false positives plus true negatives multiplied by 100(%). The sensitivity and specificity of the two techniques was compared using McNemar's test. x2 analysis was used to determine the significance of differences between the groups. A p value of <0 05 was considered to be significant.
Results

SITE AND EXTENT OF INFARCTION
Of the 160 patients with infarction, the electrocardiographic site of transmural infarction was anterior in 85 and inferior in 60. Fifteen patients had nontransmural infarction. The extent of the myocardial necrosis estimated by the peak creatine kinase value ranged from 175 to 6469 IU/l (Fig. 2) . These inferior, and 12 with non-transmural infarction) and >1000 IU/l in the remaining 97 patients (58 with anterior, 36 with inferior, and three with nontransmural infarction).
THALLIUM-201 MYOCARDIAL SCINTIGRAPHY
The results of both planar imaging and tomography are given in Tables 1 and 2 . In 125 of 160 (78%) Table 1 also shows the sensitivities of scintigraphy with respect to the electrocardiographic location and type of infarction. Planar imaging less commonly detected inferior or non-transmural infarcts than anterior infarcts (p<0-05), whereas tomography significantly improved the detection of infarcts independent of the location and type of infarction. The increased sensitivity of tomography was, however, confined to the detection of small infarcts as assessed by the peak creatine kinase value (Table 2 ). In 97 patients with a peak creatine kinase value > 1000 IU/1, sensitivity was 100% for both techniques. In 63 patients with a peak creatine kinase of -1000 IU/1, by contrast, sensitivity was only 44% for planar imaging and 89% for tomography (p<0.001) ( Table 3) .
In all cases, the sites of perfusion defects were concordant when present in both planar and tomographic studies and corresponded closely with the electrocardiographic location. Fig. 3 illustrates the case of a patient with inferior myocardial infarction in whom the planar images were normal. The tomographic study, however, showed a definite inferior perfusion defect, seen best on the short axial and long axial images.
Discussion
With planar imaging, numerous studies have reported the ability of thallium-201 myocardial scintigraphy to evaluate patients with myocardial infarction.3710 Good qualitative relations have been found between the location of thallium-201 perfusion defects and evidence of myocardial infarction by electrocardiography,3 ventriculography,2 8 coronary angiography,46 cardiac enzymes,23 and postmortem studies. 24 Sensitivity in acute myocardial infarction has been reported by Wackers et al to be 100% within the first six hours, 76% within 24 hours, and 73% after 48 hours.7 Ritchie et al found sensitivities of 85% within the first seven days and of 70% after that period.3 This reduction in the sensitivity with increasing time from the onset of myocardial infarction may be related to a decrease in defect size due to the resolution of ischaemia around a small area of infarction. 3 7 Because in this study we aimed to detect residual myocardial scarring rather than ischaemia, these studies were performed at rest in stable patients four weeks after the onset of infarction, when ischaemia would not play a large role. The overall sensitivity and specificity of planar imaging were 78% and 92% respectively (Table 1) . These results are in good agreement with the findings of other workers.3 6 7 We also found that a significant incidence of false negative results in patients with a small infarct accounted for the unsatisfactory sensitivity of planar imaging (Tables 2 and 3) .
In planar imaging, background or non-myocardial activity overlaps myocardium, and some normal myocardium from an adjacent or opposing myocardial wall is partly superimposed on a given regional defect.
These may mask the presence of perfusion defects. Experimental studies by Mueller et al showed that a minimum of 5 g of myocardium must be affected in an abnormal thallium-201 uptake for a defect to be visualised on a planar image.9 Clinically, Niess et al showed that generally 6% or more of the left ventricle must be damaged to be detected on a planar image at rest.10 When all these findings, including those of the 625 present study, are taken together thallium-201 planar imaging appears to be of limited value as a diagnostic tool in patients with myocardial infarction if the studies are not performed soon after infarction.
Tomographic imaging, although offering no intrinsic improvement of spatial resolution by itself, can help to detect small areas of ischaemia by avoiding the effects of activity from surrounding structures and by increasing contrast between normal and infarcted myocardium.25 26 Indeed, tomography showed a significant improvement in detecing small infarcts as assessed by the serum enzyme values independent of the location and type of infarction (Tables 2 and 3 ). Our equipment can reorganise not only transaxial tomograms but also short axial and long axial tomograms, which greatly helped the accurate assessment of radionucide distribution (Fig. 3) . As a result, tomography yielded a higher overall sensitivity than planar imaging in the detection of infarction without significant loss of specificity (Table 1 ). This improvement is -of clinical importance because the diagnosis or exclusion of myocardial infarction is a common and sometimes difficult problem in clinical practice.
In addition to its diagnostic value, thallium-201 scintigraphy provides prognostic information.2728 Moreover, this technique has been recently used for assessing the effect of intracoronary thrombolysis on myocardial salvage.2930 Another advantage of tomography is in improving the quantification of the extent of perfusion abnormalities as reported previously. 17 Although cardiac motion and attenuation corrections are still problems that prevent accurate quantification, tomography can provide more detailed information of the changes in myocardial perfusion resulting from therapeutic interventions.
The relatively short data collection time allows this tomographic approach to be applied to transient perfusion abnormalities induced by exercise. Tomography might be expected to increase the accuracy of thallium-201 imaging to detect individual coronary artery involvement and even less pronounced coronary artery disease. But this subject requires further study.
